A reverse phase high performance liquid chromatographic method has been developed for the simultaneous estimation of Hydrochlorothiazide, Amlodipine Besylate and Telmisartan in pharmaceutical formulation using RP -C18 column. The mobile phase (acetonitrile: acetate buffer adjusted to pH 5 with orthophosphoric acid) was pumped at a flow rate of 1.0 mL min -1 in the ratio of 60:40% v/ v and the eluents were monitored at 333 nm. Linearity was obtained in the concentration range of 20 -100 µg mL -1 for hydrochlorothiazide, amlodipine besylate and telmisartan. The method was statistically validated and RSD was found to be less than 2% indicating high degree of accuracy and precision of the proposed HPLC method. Due to its simplicity, rapidness, high precision and accuracy, the proposed HPLC method can be applied for determining hydrochlorothiazide, amlodipine besylate and telmisartan in bulk and in pharmaceutical dosage form.
INTRODUCTION
Hydrochlorothiazide ( Figure 1 ) (HCT), 6 -chloro -3, 4 -dihydro -7 -sulfamoyl -2H -1, 2, 4 -benzothia -diazine -1, 1 -dioxide, is a thiazide diuretic 1 . It increases sodium and chloride excretion in distilled convoluted tubule. Many analytical methods for HCT alone or in combination with other drugs including spectroscopic and reported for the assay of AMB alone or in combination with other anti -hypertensive agents in pharmaceutical formulations. They include UV spectroscopy, high performance liquid chromatography, high performance thin layer chromatography , , LC -MS and LC -MS/ MS [7] [8] [9] [10] [11] [12] [13] .
Telmisartan ( Figure 3 ) (TEL),2-(4-{[4-methyl-6-(1-methyl-1H-1,3-benzodiazol -2-yl)-2-propyl-1H-1, 3-benzodiazoll-1-yl] methyl} phenyl) benzoic acid, is a angiotensin converting enzyme inhibitor and angiotensin -II type I receptor blocker. Various analytical methods have been reported for the assay of TEL alone or in combination with other agenst. They include UV spectroscopy, high performance liquid chromatography . All three drugs are official in IP 14 , AMB and HCT are official in BP 15 , HCT is official in USP. Literature survey revealed that there are several methods were reported for the estimation of HCT, AMB and TEL individually as well as in combination with some other drugs. As no method is reported for SIMULTAneous estimation of the three drugs HCT, AMB and TEL in combination, the present was aim to develop accurate, precise and sensitive HPLC method for estimation of HCT, AMB and TEL in bulk and combined tablet dosage form. For the analysis of marketed tablet, TELVAS * -3D containing 12.5mg of HCT, 5mg of AMB and 40mg of TEL was used [16] [17] [18] [19] .
EXPERIMENTAL Instrumentation
Analysis was performed with a Agilent ODS UG 5 column, 250mm x 4.5mm with C 18 column of injection capacity of 20 µL. The mobile phase was a 60:40% (v/ v) mixture of Acetonitrile: Acetate Buffer(50 mM, pH 5 ± 0.1, adjusted with orthophosphoric acid). The flow rate was 1.0 mL min -1 and the run time was 15 min. Before analysis both the mobile phase and sample solutions were degassed by the use of a sonicator (1.5LH Ultrasonic bath sonicator) and filtered through a 0.45 µ membrane filter paper. The identity of the compounds was established by comparing the retention times of compounds in the sample solution with those in standard solutions. Chromatography was performed in an ambient temperature maintained at 20 ± 1°C. The UV spectrum of HCT, AMB and TEL for selecting the working wavelength of detection was taken using a LAB INDIA double beam UV -Visible spectrophotometer with pair of 10 mm matched quartz cells.
Reagent and chemicals
Pharmaceutically pure sample of HCT, AMB and TEL were obtained as a gift samples from Mylan laboratories. All solvents were of AR grade obtained from S.D. Fine chem. Limited, Mumbai. A combination of HCT(12.5 mg), AMB (5 mg), and TEL (40 mg) in tablet formulation was procured from Indian market TELVAS * -3D, Aristo pharmaceutical Pvt. Ltd, India.
Preparation of Stock Solution of HCT, AMB and TEL
About 50mg of HCT, AMB and TEL were accurately weighed and transferred in to 50 mL volumetric flasks separately. It was dissolved in methanol and the solution was made up to the volume with same.
Construction of Calibration Plots
Calibration standards for each analyte were prepared at the concentrations of 20, 40, 60, 80 and 100µg mL -1 for HCT, AMB and TEL. All the solutions were chromatographed and the peak areas were measured. Peak areas were that plotted against their respective concentrations for HCT, AMB and TEL. From the plots it was found that all the drugs were linear in the concentration range of 20, 40, 60, 80 and 100µg mL -1 for HCT, AMB and TEL rspectively. Unknown assay samples were quantified by reference to these calibration plots.
Assay of tablet formulation
The contents of twenty commercial tablets were weighed and their mean mass was determined. After grinding the tablets into a fine powder in a glass mortar, an accurately weighed quantity of the tablet powder equivalent to 40 mg of TEL was quantitatively transferred into a 50 ml volumetric flask with about 45ml of methanol. The contents were sonicated for 15 min, to ensure the complete solubility of the drug. The mixture was then made up to 50 mL with methanol. The solution was made up to the mark with the solvent and filtered through a 0.45 µ membrane filter paper. From the clear solution, further dilutions were made by diluting 1.0 mL into 10 mL with mobile phase; to obtain 100µg mL -1 of TEL which is also contains 31.25µg mL -1 of HCT and 12.5 µg mL -1 of AMB theoretically. Each sample solution was injected and the peak areas were measured for the determination of HCT, AMB and TEL in tablet formulation.
Statistical Calculations
Standard regression curve analysis was performed by use of Microsoft Office Excel 2007 software (Microsoft, USA), without forcing through zero. Means, standard deviations and other statistical parameters were calculated by use of SPSS software version 9.5 (SPSS, Cary, NC, USA).
Validation
The objective of method validation is to demonstrate that the method is suitable for its intended purpose as it is stated in ICH guidelines. The method was validated for linearity, precision (repeatability and intermediate precision), accuracy, selectivity and specificity. Accuracy was assessed by measuring recovery at three different levels. Precision assessed by measurement of intra and inter day precision. In the intraday study the concentrations of all the drugs were calculated six times on the same day at different time intervals. In the inter day study the concentrations of the drugs were calculated on six different days. Selectivity and specificity of the method were assessed by injecting solutions containing all the drugs; after chromatography three sharp peaks were obtained for all drugs. LOD and LOQ were measured to evaluate the detection and quantitation limits of the method and to determine whether these were affected by the presence of impurities. They were calculated by use of the equations LOD = 3.3 /S and LOQ = 10 /S, where  is the standard deviation of the response and S is the slope of the calibration plot [19] [20] .
Stability Studies
To determine whether the developed method was stability indicating the tablets were stressed under different conditions to promote degradation. Regulatory guidance in ICH Q2A, Q2B, Q3B and FDA 21 CFR section 211 requires the development and validation of stabilityindicating potency assays 21 . The tablet formulation was exposed to dry heat in oven at 70°C about 48h. The tablets were then removed from the oven and were powdered. The solutions of the sample were prepared in mobile phase and injected to chromatographic system.
RESULTS AND DISCUSSION

HPLC Method Development and Optimization
The multi component formulations have gained a lot of importance as there is greater patient acceptability, increased potency and decreased side effects. HCT, AMB and TEL are a recent combination in the market used for the treatment of hyper tension. This work was focused on optimization of the conditions for the simple and rapid as well as low cost effective analysis including a selection of the proper column or mobile phase to obtain satisfactory results.
Solvent type, solvent strength (volume fraction of organic solvent(s) in the mobile phase and pH of the buffer solution), detection wavelength, and flow rate were varied to determine the chromatographic conditions giving the best separation. The mobile phase conditions were optimized so there was no interference from solvent and excipients.
Method development was started with Acetonitrile
Phosphate buffer pH-3.6 (55:45),but only two drugs were eluted, TEL was not eluted up to 10 min. The mobile phase was changed to Acetonitrile:Phosphate Buffer with pH-3.0 (50:50), (Figure 2) . Solutions of each substance in the mobile phase were also injected directly for HPLC analysis and the responses (peak area) were recorded at 333nm. It was observed that all analytes absorbed well at 333nm, and at this wavelength there was no interference from the mobile phase or baseline disturbance, and it was, therefore, concluded that 333 nm was the most appropriate wavelength for analysis of all the drugs with suitable sensitivity.
The optimum mobile phase was, therefore, Acetonitrile: Acetate Buffer in the ratio of 60:40 (v/ v). Under these experimental conditions sharp ) were shown in Figure 3 . The resolution (RS) between HCT and AMB are 1.35; AMB and VAL are 2.25.
Method validation
The developed method was validated as per ICH guide lines. The system suitability parameters like capacity factor, number of theoretical plates, and USP tailing factor for all the analytes were found to be within the limit indicating the suitability of the system ( Table 1 ). The number of theoretical plates and the USP tailing factor were within the acceptance criteria of >2000 and  1.5, respectively, indicating good column efficiency and optimum mobile phase composition.
Linearity
Linearity was tested in the concentration range 20-100 µg mL -1 for HCT, AMB and TEL. The solutions were chromatographed six times, in accordance with the International Conference on Harmonization. Separate calibration plots for HCT, AMB and TEL were constructed by plotting peak area against the respective concentrations and the method was evaluated by determination of the correlation coefficient and intercept, calculated in the corresponding statistical study (ANOVA; P < 0.05), correlation coefficient r 2 values > 0.999 and intercepts very close to zero confirmed the good linearity of the method. The P values calculated for the calibration plots were greater than 0.05, indicating the variances were not significantly different ( Table 2 ).
Precision
The precision of the method was determined by repeatability and intermediate precision studies. Intraday and Inter day precision was determined by repeating assay three times on same day for intraday (Table 4 ) and on three different days for inter day precision ( Table 5 
Accuracy
To ensure the reliability and accuracy of the method, the recovery studies were carried out by adding a known quantity of drug with pre analyzed sample and contents were reanalyzed by the proposed method. To check the accuracy of the developed methods and to study the interference of formulation excipients, analytical recovery experiments were carried out as per ICH guidelines. The results of the recovery studies and its statistical validation data were given in table 6 which indicates high accuracy of the proposed method. The percentage recovery was found to be in the range of 100.15% for HCT, 100.20% for AMB and 100.73% for TEL.
Robustness
As defined by the ICH, the robustness of an analytical procedure describes to its capability to remain unaffected by small and deliberate variations in method parameters. Robustness was performed by small variation in the chromatographic conditions and found to be unaffected by small variations like ± 2% variation in volume of mobile phase composition, ± 0.1 mL min -1 in flow rate of mobile phase, ± 0.1 variation in pH.
Specificity
The specificity of the HPLC method was ascertained by analyzing standard drug and sample solutions. The retention time of HCT, AMB and TEL was confirmed by comparing the retention time with that of the standard.
Assay of Tablet Formulation
The assay of commercial tablets was established with present chromatographic condition developed and it was found to be more accurate and reliable. The percentage label claim present in tablet formulation TELVAS * -3D was found to be 99.84, 99.8, 100.12 for HCT, AMB and TEL, respectively. The chromatogram for the analysis of formulation is shown in figure 3 , Precision of the method was confirmed by the repeated analysis of formulation for six times (Table 3) .
Stability
The assay of the three drugs was unaffected in different conditions indicating the stability indicating capability of the method. The chromatogram of the three drugs stored after 48 hrs at 70 0 c was shown in figure 4.
CONCLUSIONS
A simple isocratic RP -HPLC method with UV detection has been developed for simultaneous determination of HCT, AMB and TEL. The method was validated for accuracy, precision, specificity, and linearity. The run time is relatively short (15 min), which enables rapid quantification of many samples in routine and quality control analysis of tablets. Thus the proposed method is rapid, selective, requires a simple sample preparation procedure, Moreover, the lower solvent consumption leads to a cost effective and represents a good procedure of HCT, AMB and TEL determination in bulk and in pharmaceutical dosage forms.
